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 Background: Papaver bracteatum Lindl. (Persian poppy) has a very long history as the 

major source of natural alkaloids. Among Papaver species, Persian poppy can be 

considered as a rich source of thebaine. Objective: The purpose of this study was to 

evaluate the thebaine content in different organs and different populations of Persian 

poppy. Methods: Seven populations of Persian poppy were collected from five different 

geographical regions of Iran including Damavand (Rineh, Abask), Chalous (Yoush,  

Pol-e Zanguleh), Mahabad, Meshgin Shahr and Zanjan (Taham) and were screened for 

its thebaine content. Extraction of thebaine was performed using the ultrasonic-assisted 

extraction (UAE) method. The parameters including pH, amount of solvent, extraction 

temperature and time, the repetition of extraction cycles and also the particle size were 

investigated and optimal conditions were determined to reach the maximum efficiency. 

Also, the correlation between phenology of the plant and thebaine content was studied 

during the developmental stages of poppy from pre-flowering to lancing. The developed 

UAE method followed by high performance liquid chromatography (HPLC) was used 

for quantitative analysis. Results: Thebaine content was significantly different in various 

organs and populations grew at different regions. The thebaine content was in the range 

of 0.9-1.4 % and 0.1-0.45 % in capsules and stems, respectively. The highest thebaine 

content was obtained in the capsules of Mahabad population. Conclusion: Extraction 

led to a high purity thebaine from Persian poppy. Eventually, a comprehensive profile 

of thebaine in different Persian poppy populations from different geographical regions 

in Iran was released. 
 

1. Introduction 

Medicinal plants have obtained a lot of 

attention due to their important roles in human 

 

life and health [1]. According to the World 

Health Organization (WHO) report, herbal 1 
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medicines are so popular and they have been 

used in the industry [2]. 

Papaver bracteatum Lindl. (Persian poppy, 

great scarlet poppy) is an endemic plant in a 

region between the Caspian and the Black Sea. 

This plant has grown in many climates [3-5]. 

Usually, Poppy grows in mountains at high 

altitudes (1500-2500 m). This species is widely 

distributed in the north and northwest of Iran 

(Alborz mountains), northwest of Iran (Zagros 

Mountains, Caucasus slpoes) and Turkey 

(northeast) [6]. Lindly recognized this plant for 

the first time in 1821. Poppy has been used as a 

natural painkiller since the last century, and 

pharmaceutical industries have been interested in 

its natural alkaloids [7]. Persian poppy can be 

considered as a rich source of thebaine [8]. 

Quantitative analysis of thebaine can be 

carried out by high performance liquid 

chromatography (HPLC) [9], gas 

chromatography (GC) [10], capillary 

electrophoresis (CE) [11], ion mobility 

spectroscopy (IMS) [12] and ultraviolet 

spectrophotometry (UV) [13]. HPLC is the 

common method for quantitative analysis of 

alkaloids [14]. Because of complicated 

compounds of plant species, a sample 

preparation step is necessary before instrumental 

analysis [15]. Solvent extraction [16], solid phase 

extraction (SPE) [17], supercritical fluid 

extraction (SFE) [18], electrode membrane 

extraction (EME) [19] and ultrasonic-assisted 

extraction (UAE) [20] have been applied to 

extract alkaloids [21]. 

Here is a comprehensive study on the thebaine 

content of seven populations of Persian poppy 

collected from the west and center of Iran. The 

aerial parts of this plant have been studied in two 

developmental stages. Our aim was to study the 

phytochemical profile as the most important 

indicator in selecting the top populations of 

Persian poppy, to introduce it to breeding 

programs. The ultrasonic-assisted extraction 

(UAE) method was applied for extraction and all 

effective parameters which affect the extraction 

efficiency, were investigated. The best 

conditions for achieving the maximum extraction 

efficiency were determined. 

 

2. Materials and Methods 

2.1. Reagent and solvents 

Pure powder of thebaine was provided from 

Sigma-Aldrich (Milwaukee, WI, USA) and 

dissolved in HPLC grade methanol to prepare the 

stock solution (1000 mg/L). The stock solution 

was stored at 4 ºC in a refrigerator. 

Common organic solvents including methanol 

in HPLC grade was achieved from Caledon 

(George-Town, Ontario, Canada), Trifluoroacetic 

acid (TFA) was purchased from Merck Company 

(Darmstadt, Germany) and a milli-Q system from 

millipore (Bedford, MA, USA) was applied to 

prepare ultrahigh pure water (UPW). 

 

2.2. Plant materials 

In this study, seven populations of Persian 

poppy (available in seed bank of TEMAD 

Company) were collected from five eco-

geographical regions of Iran including Rineh 

(PBR-129), Abask (PBP-124), Yoush (PBY-

128/1), Pol-e Zanguleh (PBC-128), Mahabad 

(PBK-133), Meshgin Shahr (PBA-122) and 

Taham (PBZ-125). These samples were 

approved by the development of narcotic plant 

department of TEMAD Company. Capsule and 

stem were collected at two developmental stages 

including pre-flowering (when the terminal of 

stem loses its plasticity and flower buds become 

erect) and lancing (at which the petals fall and the 

ripe capsule becomes evident). Six samples were 

selected from each of seven populations and an 

analysis was performed. 
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2.3. Phytochemical analysis of thebaine by 

HPLC 

Samples were analyzed using high 

performance liquid chromatography (HPLC) 

(Agilent Company, Germany) with the following 

specifications: G1314B-1260 VWD diode array 

detector (DAD), G1311C-1260 quat pump VL, 

and A G1328C-1260 Man. The YMC-Triart C18 

column (250 × 4.6 mm D, 5 μm, 12 nm) was 

applied for the analysis of alkaloids. The 

injection was done using a HPLC syringe (100 μl 

Hamilton). The extraction was done using 

ultrasonic system model TECNO-GAZ S.P.A at 

50-60 HZ, and the phase separation was 

performed using a centrifuge model BHG 1100 

(Germany). All phytochemical analysis were 

performed as follows: flow rate, 0.8 ml/min; 

wavenumber, 280 nm; injection volume, 20 µl; 

mobile phase, acetate buffer pH = 4: acetonitrile: 

methanol with gradient program as follow, 

90:5:5 for 12.5 min, 50:25:25 for 11.5 min and 

90:5:5 for 10 min. The percentage of thebaine in 

each sample was calculated by considering the 

calibration curve of thebaine standard (R2 = 

0.999, RSD % = 2.1 %, 6 points ranging from 10 

- 500 mg/L). 

 

2.4. Extraction procedure 

To evaluate the thebaine content in capsules 

and stems of poppy plants, six samples were 

selected from each of seven populations and the 

analysis was performed. Therefore, 42 samples 

were analyzed. The samples were dried at 60 ºC 

for one day and crushed by an electric grinder 

and particles were produced in the range of 68-

150 µm. The extraction of thebaine was done 

using UAE method [20]. For extraction, in each 

step, 10 ml of diluent, containing HPLC grade 

methanol and water in ratio of 75:25 with pH 2 

(adjusted by TFA), was added to 300 mg of 

poppy powder, and the extraction was performed 

using an ultrasonic bath with the power of 50-60 

HZ at 50 ºC for 22 min. The extraction solvent 

was separated from sample using a centrifuge 

with 1000 rpm. This step was repeated three 

times and extraction solvents were collected and 

filtered using a 0.42 µm filter paper. 20 µl of the 

extract was injected into HPLC instrument. The 

extraction condition was comprehensively 

evaluated, and the best condition to obtain the 

maximum extraction efficiency was determined. 

The effective parameters on the extraction 

procedure are included extraction solvent  

pH (2-12), temperature (25-60 ºC), volume (5-25 

ml), extraction time and the repetition of 

extraction cycles. Also, the particle sample size 

(68-150 µm) which affects the extraction 

efficiency was evaluated. The effect of all 

parameters on the extraction efficiency was 

evaluated and the optimal condition was 

determined. Each extraction was repeated three 

times and relative standard deviation (RSD %) 

was calculated for each extraction. 

 

2.5. Statistical analysis 

Cluster analysis was performed based on 

Euclidean distance for thebaine content of 

samples at different regions, samples with 

different sizes and samples at different 

developmental stages. Clustering was done using 

SPSS 12 (SPSS Inc., Chicago) by one-way 

analysis of variance and mean comparisons were 

done based on the least significant difference test 

(LSD). 

 

3. Results 

3.1. Optimization of effective parameters on the 

extraction procedure 

Extraction solvent pH, temperature, volume 

and the extraction time, sample particle size and 

the repetition of extraction cycles affected the 

extraction efficiency. 
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The extraction solvent pH is an important 

parameter which determines the electrical charge 

of thebaine. Initially, the effect of pH was studied 

in the range of 2-12. The highest extraction 

efficiency was achieved in acidic solution  

(pH = 2) (Fig. 1A). Here, due to the protonation 

of functional groups of thebaine, the solubility in 

polar solvent increased so the extraction 

efficiency improved. Therefore, all the following 

extractions were done using extraction solvent 

with pH = 2. 

Then, the effect of ultrasonic power and time 

was studied and according to the results shown in 

Fig. 1B, 22 min ultrasonic at 50-60 KHz was 

sufficient to achieve the maximum extraction 

efficiency. 

The extraction temperature in the range of 25-

60 ºC was studied. The results showed that 50 ºC 

was the optimal temperatures to extract thebaine 

(Fig. 1C). At higher temperatures than 50 ºC, the 

extraction efficiency didn’t improve. Also, at 

higher temperature, decomposition of thebaine is 

possible [22]. 

The volume of extraction solvent was selected 

in the range of 5-25 ml for about 300 mg of 

sample and based on the results, 10 ml of 

extraction solvent was sufficient for extraction 

and by increasing the volume of extraction 

solvent, the extraction efficiency didn’t improve 

(Fig. 1D). 

Also, the extraction procedure was repeated 1 

to 5 times. Results showed that the extraction 

efficiency reached maximum after 4 cycles and 

thereafter didn’t improve (Fig. 1E). 

Fig. 1. The effect of (A) pH of extraction solvent, (B) extraction time, (C) extraction temperature, (D) volume of 

extraction solvent, (E) extraction cycles on the extraction efficiency.
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The size of particles was also crucial in 

thebaine extraction. Samples were milled with a 

crusher in the range 68-150 µm. Increasing the 

milling time produced the finer samples. Here, 

the capsule and stem samples for one region with 

different sizes were selected as a model, and the 

effect of particle size on the percentage of 

extracted thebaine was studied. Results revealed 

that finer samples have more thebaine content 

(Table 1). This higher percentage can be due to 

higher surface area for extraction by solvent. So, 

the particle size is an effective parameter and has 

a significant effect on the thebaine yield. 
 

3.2. Thebaine content during developmental 

stages 

The thebaine content of samples can change at 

different developmental stages [23, 26]. So, it 

was evaluated during two developmental stages 

including pre-flowering (when the terminal of 

stem loses its plasticity and flower buds become 

erect) and lancing (at which the petals fall and the 

ripe capsule becomes evident). The stems and 

capsules were collected and analyzed. The 

thebaine content of capsules and stems in poppy 

was significantly different at various 

developmental stages. According to Table 2, the 

thebaine content of plant at the lancing stage was 

more than the preflowering stage in stems and 

capsules. 

 

3.3. Phytochemical assay of thebaine 

The quantitative analysis of the Poppy 

population was performed using HPLC, and the 

quantitative results of selected populations were 

summarized in Table 3. The thebaine contents in 

capsules and stems of seven populations were in 

the range of 0.4-0.5 % and 1.0-1.3 %, 

respectively. Among seven populations, 

Mahabad population has the highest amount of 

thebaine. The HPLC chromatograms for 2 

populations containing Mahabad and Taham 

regions (capsule and stem of plant) and a 

standard of thebaine at concentration level of 250 

mg/L were shown in Fig. 2. As the results 

revealed, in all populations, the thebaine content 

of capsules was higher than stem and the Persian 

poppy grown or collected in Mahabad has the 

highest thebaine content.

Table 1. The effect of particle size of Poppy samples on the thebaine contents. 

Milling time (min) Mesh size (µm) Sieve weight (%) Thebaine percentage (%) RSD a (%) 

1 

≤ 68 

68-125 

125-150 

≥ 150 

5% 

11% 

32% 

53% 

0.72 1.0 

2 

≤ 68 

68-125 

125-150 

≥ 150 

10% 

22% 

35% 

43% 

0.80 1.1 

3 

≤68 

68-125 

125-150 

≥150 

15% 

36% 

20% 

29% 

0.86 1.0 

4 

≤68 

68-125 

125-150 

≥150 

31% 

38% 

11% 

20% 

0.89 1.0 

5 

≤68 

68-125 

125-150 

≥150 

38% 

41% 

8% 

13% 

0.92 1.1 

aRelative standard deviation 
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Table 2. The average of thebaine contents in aerial parts of Persian poppy during two developmental stages. 

Area Organ RSDa % 

Developmental stages 

Pre-flowering 

(Thebaine content %) 

Lancing 

(Thebaine content %) 

Rine 
Stem 1.0 0.31 0.36 

Capsule 1.1 0.89 1.0 

Abask 
Stem 1.0 0.21 0.26 

Capsule 1.2 0.83 0.90 

Mahabad 
Stem 1.1 0.35 0.42 

Capsule 1.1 1.10 1.4 

Meshgin Shahr 
Stem 1.1 0.43 0.45 

Capsule 1.3 1.08 1.3 

Taham 
Stem 0.9 0.08 0.1 

Capsule 1.0 0.38 0.51 

Yoush 
Stem 1.0 0.11 0.19 

Capsule 1.2 0.92 0.89 

Pol-e Zanguleh 

Stem 1.1 0.21 0.21 

Capsule 

Stem 

1.3 

1.2 

1.01 

0.23 

0.95 

0.24 
aRelative standard deviation 

Table 3. Evaluation of thebaine contents in aerial organ of poppy collected from different regions of Iran. 

Accession Aerial organ Thebaine content % RSDa % 

Rine 
Capsule 1.0 1.1 

Stem 0.35 1.0 

Abask 
Capsule 0.9 1.0 

Stem 0.26 1.0 

Mahabad 
Capsule 1.4 1.2 

Stem 0.42 1.1 

Meshgin Shahr 
Capsule 1.3 1.3 

Stem 0.45 1.0 

Taham 
Capsule 0.5 1.1 

Stem 0.1 0.8 

Yoush 
Capsule 1.0 1.1 

Stem 0.28 1.0 

Pol-e Zanguleh 
Capsule 1.1 1.2 

Stem 0.24 0.9 

aRelative standard deviation 

3.4. Cluster analysis 

Cluster analysis was done based on Euclidean 

distance from thebaine content data for seven 

populations in three main groups. The first group 

consists of two subgroups. The first subgroup 

includes the groups of Rineh, Yoush and Pol-e 

Zanguleh. The second subgroup includes the 

Abask group. The second group includes 

Mahabad and Meshgin Shahr groups and the 

third group includes Taham (Fig. 3, Table 4). 
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There was a significant difference between 

two developmental stages including pre-flowering 

and lancing, and the thebaine content was higher 

at lancing than pre-flowering (Fig. 3, Table 4). 

The effect of particle size and surface area on the 

extraction efficiency was studied and based on 

the results, the quantitative content of thebaine in 

finer particles (about 0.05 %) was significantly 

higher. The highest thebaine quantity was at the 

samples which crushed 5 min (the size of 

majority of particles was in the range of 68-125 

µm), and the lowest thebaine quantity was in 

samples which crushed 1 min (the size of 

particles was higher than 150 µm) (Table 4B). 

 

 
Fig. 2. HPLC chromatograms for (A) Capsule, (B) Stem of samples from Mahabad, (C) Capsule, (D) Stem samples 

from Taham, and (E) Standard of thebaine at concentration level of 250 mg/L. 
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Fig. 3. Cluster of Persian poppy based on the Euclidean distance using Ward Method 

Table 4A. Analysis of variance (ANOVA) in thebaine content of poppy populations 

Yield Sum of Squares df Mean Square F Sig. 

Between Groups 1.519 6 .253 506 .000 

Within Groups .007 14 .0005   

Total 1.526 20    

 

Table 4B. Analysis of variance mesh size (ANOVA) milling powder in extracting thebaine 

Yield 
Sum of 

Squares 
df Mean Square F Sig. 

Between Groups .120 4 .030 300 .000 

Within Groups .001 10 .0001   

Total .121 14    

 

4. Discussion 

Secondary metabolites in plants can act as 

defense factors at various environmental 

conditions. Alkaloids as one of these metabolites 

have such interaction by environmental stresses. 

In the presented study, a comprehensive 

investigation has been done on the thebaine 

content of Persian poppy. Seven populations 

from west, north western and center of Iran were 

collected. The results of HPLC analysis revealed 

that geographical conditions affected the 

concentration of thebaine as a secondary 

metabolite. Here, the effect of geographical 

conditions on the population is quite evident. The 

creation of three different groups that differ in 

terms of altitude, longitude and latitude can be a 

reason for the impact of the environment along 

with other factors in changing the thebaine 

content. 

These results were confirmed by Qaderi et al. 

in 2019. They mentioned that geographical 

condition could be an effective parameter on the 

concentration of thebaine as a secondary 

metabolite [24]. They have done a study on the 

molecular diversity and phytochemical 

variability in Persian poppy. Alkaloid contents of 

6 populations (Anjomaneh, Eil-Teymoor, 

Mamhimeh, Ploor, Siah Bisheh and Taham) had 

been studied, and thebaine content in capsule of 

this species was reported in the range of  

0.1-1.3 %. 

In this study, the highest thebaine content was 

at western area which was divided into an 

independent sub-group. Lalezari et al. in 1974 
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confirmed the higher thebaine content of the 

Persian poppy population at western area and 

named them as Arya II [25]. This issue is obvious 

in the evaluation of cluster analysis. The 

populations in the first group (Abask, Rineh, 

Yoush and Pol-e Zanguleh) were relatively 

similar but in comparison with other groups were 

different. These results can be due to the 

similarity of geographical conditions and climate 

between two regions. 

Here, we studied the thebaine content in aerial 

parts (stem and capsule) during two 

developmental stages including pre-flowering 

and lancing. Thebaine content was higher at the 

lancing stage. A study investigated the alkaloid 

content in different parts of Persian poppy (root, 

stem, capsule, leaf and petal) during different 

developmental stages (annual rosette, perennial 

rosette, bud initiation, pendulous bud, pre-

flowering, flowering and lancing). They 

introduced Persian poppy as a rich source for 

thebaine. Root and capsule were considered as 

the most potent organs for extraction of thebaine, 

also lancing was introduced as the best 

developmental stage [26]. In another study, they 

studied the developmental accumulation of 

thebaine and some gene transcripts in different 

organs of this plant [23]. Our results are in good 

agreement with the reported results. We studied 

seven populations of different regions of Iran 

(west, north western and center region) at 

different developmental stages which was a 

comprehensive study compared with similar 

studies.  

The predominant advantages of the presented 

study was introducing a simple, facile and 

effective method for extraction of alkaloids from 

the poppy plants with considering the all 

effective parameters to improve extraction 

efficiency.

5. Conclusion 

In conclusion, the extraction of thebaine was 

performed using a UAE method which was 

simple, fast and effective. The effective 

parameters on extraction efficiency were studied 

and at the optimum condition (extraction solvent; 

40 ml of methanol: water (75:25) pH = 2, 

extraction temperature; 50 ºC, extraction time; 22 

min, the number of extraction cycles, 4 times). 

Thebaine content of seven populations from five 

different regions of Iran with different climates 

was evaluated. Based on the obtained results, 

samples were gathered from Mahabad region 

have the highest thebaine content, and can be 

considered as a suitable population in breeding 

programs and also industrial plants. 

The advantages of the method introduced for 

the extraction of thebaine include high efficiency 

and speed of extraction, simplicity and no need 

for extraction equipment. 
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 تحقیقاتیمقاله 

 مواج فراصوتا بابا استفاده از روش استخراج  کبیرخشخاش مختلف های بررسی فیتوشیمیایی جمعیت

 بالا کروماتوگرافی مایع با کاراییو آنالیز 
 2زاده شفارودیسعید ملك، ،*2نسرین مشتاقی، 1زادهعلیرضا حبیب

 ایراندانشجوی دکتری بیوتکنولوژی کشاورزی، دانشگاه فردوسی مشهد، مشهد،  1
 انشگاه فردوسی مشهد، مشهد، ایرانعضو هیات علمی گروه بیوتکنولوژی و به نژادی گیاهی، دانشکده کشاورزی، د 2

 چکیده  اطلاعات مقاله
 واژگان:گل

 خشخاش کبیر

 ژیلوونف

 تبائین

 استخراج

استخراج با امواج 

 فراصوت

، این خشخاشای هبه عنوان منبع آلکالوئیدهای طبیعی دارد. در میان گونه طولانیپیشینه  کبیرگیاه خشخاش  مقدمه: 

ر اندامبررسی میزان تبائین دهدف از این مطالعه هدف: تواند به عنوان منبع غنی تبائین در نظر گرفته شود. گونه می

ه از پنج ناحی خشخاش کبیرجمعیت از  هفت :بررسی روشبود.  خشخاش کبیرهای متفاوت های مختلف جمعیت

ین شهر و زنجان )تهم( گسک(، چالوس )یوش، پل زنگوله(، مهاباد، مشا آب مختلف جغرافیایی شامل دماوند )رینه،

ها بررسی شد. استخراج تبائین با استفاده از روش امواج فراصوتی انجام پذیرفت. آنانتخاب و میزان تبائین در 

های استخراج و ، حجم حلال استخراجی، دمای استخراج و زمان آن، تکرار چرخهpHپارامترهای تاثیرگذار مانند 

همچنین د. عیین شهمچنین سایز ذرات، مورد بررسی قرار گرفت و شرایط بهینه برای رسیدن به بیشترین کارایی ت

بهبود  روش ارتباط فنولوژی گیاه و میزان تبائین در دوره رشدی قبل از گلدهی و گلدهی مورد بررسی قرار گرفت.

یافته استخراج با امواج فراصوت در این مطالعه به همراه آنالیز با دستگاه کروماتوگرافی مایع با کارایی بالا برای آنالیز 

های مختلف متفاوت بود. میزان تبائین در های مختلف و جمعیتمیزان تبائین در اندام ج:نتایکمی به کار برده شد. 

د. بیشترین وب درصد 45/0 -1/0 )بر اساس ماده خشک( و در ساقه این گیاهدرصد  4/1 -9/0 کپسول در محدوده

تبائین  حصولاستخراج در این روش منجر به  گیری:نتیجهد. وآوری شده از مهاباد بهای جمعمیزان تبائین در کپسول

های مختلف نهایت یک پروفایل جامع از میزان تبائین در جمعیت شود. درمی خشخاش کبیربا خلوص بالا از گیاه 

 به دست آمد.در ایران  خشخاش کبیر
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